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STUDIES  ON  THE  CIRCULATION  IN  MAN. 
VIII.  THE BLOOD FLOW IN THE FEET WITH SPECIAL REFERENCE 
TO FEVER.* 
BY  G.  N.  STEWART,  M.D. 
(From  the  H.  K.  Cushing  Laboratory  of  Experimental  Medicine  of  Western 
Reserve  University,  and  the  City Hospital,  Cleveland.) 
In spite of much discussion  we possess but  little  exact knowledge 
of  the  changes  in  the  cutaneous  circulation  in  fever,  which  consti- 
tute  an  essential,  probably the  chief,  factor  in  the  derangement  of 
the temperature-regulating mechanism.  I  have endeavored to make 
a  small  contribution  to  our  data  by  measuring  approximately  the 
blood flow in the  feet in  a  number of cases  of typhoid  fever and  in 
one case of pneumonia.  Of one of the cases of typhoid four exami- 
nations  were  made  in  the  course  of  a  month.  In  a  second  case  a 
similar program  was planned  but  had  to  be modified  on account  of 
hemorrhage,  and  only  tw.o examinations  were  carried  ouft.  These, 
however, happened  to be at the most interesting stages in the  course 
of  the  fever.  For  comparison  three  cases  at  different  stages  in 
convalescence were investigated,  each on one occasion.  In the pneu- 
monia  case two  examinations  were  secured,  the  last  one  four  days 
before  the  death  of  the  patient.  The  first  of  the  typhoid  patients 
was  far enough  advanced  in  convalescence  to  permit  him  to  sit  up 
in  a  chair  for the examination  of the  hands. 
F.  D.--A sailor,  aged 26 years, height 5  feet 9½ inches,  was admitted to  the 
City  Hospital  on  September  5,  1912, suffering  from  typhoid  fever.  About  a 
month before he fell into the Cuyahoga River and swallowed  water.  The drink- 
ing water on the lake boats on  which  he works is, according to  him,  far  from 
being beyond  suspicion,  as  it  is  taken  from the  lake.  His  maximum tempera- 
tures were as  follows: 
September  5,  lO4.O  °  F.  September  IO,  lO4.O  °  F. 
September  n,  lO3.4  °  F.  September  12,  lO2.4  °  F. 
September  15,  IOO.O  °  F.  September  17,  98.6  °  F. 
* Received  for publication,  April 30,  1913. 
372 G. N.  Stewart.  373 
Only  one  examination  of the blood flow was  obtained,  and  that  was  when  he was 
so  far  advanced  in  convalescence  that  he  walked  into  the  room.  The  foot  flow 
was measured,  as in the other  cases, while he lay on his back  on the movable  bed. 
October  I,  I912.  Feet  put  into  bath  at  1.21  P.M.,  and  into  calorimeters  at 
1.38½  P.M.  3,740  c.c.  of  water  in  each  calorimeter.  Pulse  (lying  on  back)  8I. 
Time. 
1.37 
1.42 
1.44 
1.46 
1.48 
1.50 
1.52 
1.54 
1.56 
Temperature of 
Calorimeters. 
Right.  Lett. 
31.19 °  31.16 ° 
31.02  °  30.95  ° 
30.99  °  30.94  ° 
30.97  °  30.920 
30.945 °  30.89 ° 
3o.935 °  30.87 ° 
3o.92o  30.86 ° 
3o.9 I°  30.845 ° 
3o.90 °  30.835 ° 
Room. 
22.I  ° 
21.8  ° 
22.I  ° 
22.3 ° 
22.5 ° 
Time. 
1.5-------~ 
2.00  I 
2.02  I 
2.04  I 
2.o6  I 
2.08  I 
2.18  I 
Temperature of 
Calorimeters. 
Right.  LeA. 
30.895 °  30.815 ° 
30.89 °  30.80 ° 
3O.88 °  30.79  ° 
30.875 °  3O.78 ° 
3O.87 °  30.77 ° 
30.82 °  30.73 ° 
3O.66  °  30.565 ° 
Room. 
22.45  ° 
22.45 ° 
22.45 ° 
22.45 ° 
Cooling  in  1o  minutes  of  right  calorimeter 
o.16  °  C.,  of  left  o.165 °.  Volume  of  right 
foot  1,135  c.e.,  of left  1,117 c.c.  Feet out 
of calorimeters at 2.06½. 
Immediately  afterward  the flow in the hands was measured.  Hands  put into bath 
at 2.32  P.M.,  and  into  calorimeters  at 2.423  P.M.  3,oi5  c.c.  of  water  in  each  calo- 
rimeter.  Pulse  (sitting)  90.  Blood  pressure,  left  arm,  systolic  lO6  (palpation), 
Io7  (stethoscope);  82  (sound  gone).  Another  observation,  systolic  IO9,  85 
(sound  gone). 
Time. 
Temperature of 
Calorimeters. 
Right.  Left. 
2.41  31.7I °  31.69 ° 
2.43  31.70 °  31.70 ° 
2-44  31.76 °  31.74 ° 
2.45  31.80 °  31.77 ° 
2.46  31.84  °  31.8i ° 
2.47  31.88 °  31.85 ° 
2.48  31.9 I°  31.88 ° 
2.49  31.935 °  31.905 ° 
.Room 
22.9 ° 
23.2 ° 
23.I ° 
Time. 
2.5o 
2.51 
2.52 
2.53 
3.07 
Temperature of 
calorimeters. 
Right__  Left. 
31"97°  I  31'94° 
31.99 °  ]  31.96 ° 
32.020  [  31-985 ° 
32.06 °  32.02 ° 
31-84  °  [  31.81 ° 
Notes. 
Room temperature 22.8 °. 
Room temperature 22.8 ° . 
Hands  out  of  calorim- 
eters at 2.53. 
Cooling in I4 minutes of right calorimeter 0.22 ° , of left 
o.21 °.  Volume of  right  hand  425  c.c,.  of  left  423 
c.c.  Patient is ambidextrous.  Rectal temperature, 
37.2 ° .  Water  equivalent of  right  calorimeter  and 
contents 3,435; of left ahd  contents 3,434. 
Here the hand flow lies within the normal range, being 9.I6. grams 
per  Ioo cubic centimeters per minute for the right hand,  and 8.63 
grams for the left, with  room temperature 23 °  C.  The  foot flow 
is  much below the normal  (0.98  grams per  Ioo cubic centimeters 
per minute for the right,  and 0.85  grams  for the left).  The ratio 
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is  much  too  small  and  indicates  clearly  an  abnormal  sensitiveness 
of the feet to vasoconstriction, the exciting cause being probably the 
necessary exposure of the  feet to the air and  water.  We shall  see 
that  there is evidence in the  foot flows of abnormally great cutane- 
ous  vasoconstriction  in  all  the  typhoid  cases  examined,  and  at  all 
stages  of  the  fever  which  happened  to  coincide  with  an  examina- 
tion.  This  tendency  to  vasoconstriction  seems  to  be  carried  into 
convalescence. 
In  the  case of J.  McD.,  who was  still  further  advanced  in  con- 
valesence than  F.  D., the prolonged reflex vasoconstriction,  not  fol- 
lowed  by any  vasodilatation  in  the  left  hand  when  the  right  was 
immersed  in  warm  water,  might  be  interpreted  in  the  same  way, 
as  also  the  marked  inferiority  of  the  flow  in  the  right  hand  as 
compared  with  the  left.  Such  differences between  the  two  hands 
in the absence of any known anatomical cause are apt to be observed 
in persons  who exhibit  other  evidences of nervous,  including  vaso- 
motor,  instability. 
J.  McD.---A  laborer,  aged  26  years,  was  admitted  to  the  City  Hospital  on 
April  Ii, 1912, suffering  from  typhoid  fever.  The  maximum  temperature  reached 
was  lO5.6  °  F.  on  April  12  and  April  13.  The  opportunity  to  examine  his  blood 
flow  was  not  offered  until  he  was  convalescent.  Temperature  at  4  A.M.  on  May 
16,  98.5  °  F.  lie  is  emaciated  and  his  appetite  is  ravenous. 
The  blood  flow  in  the  hands  was  examined  on  May  16,  1912.  Hands  in  bath 
at  1.47  P.~.,  and  in  calorimeters  at  1.56½  P.M.  3,015  c.c.  of  water  in  each  calo- 
rimeter.  Mouth  temperature  36.7  °  C.  Pulse  (sitting)  80. 
r 
E.56 
c.58 
I 
[.59 
LO0 
.).OI 
)2 ¸ 
)3~ 
)41 
)5[ 
)6 
Temperature of calo- 
rimeters. 
Right.  [ 
30.920 
30.94  ° 
30.97  ° 
31.oo  ° 
31.o4  ° 
31.08  ° 
31.10  ° 
3I.I4 ° 
31.19  ° 
31.22  ° 
Left. 
3I.II  ° 
31.12  ° 
3I.I5 ° 
31.20  ° 
31.23  ° 
31.27  ° 
31.31  ° 
31.35  ° 
31.4  I° 
31.455  ° 
Notes.  Time. 
2.07 
Room  tempera- 
ture 22.6  °  2.08 
2.09 
2.10 
Room  tempera- 
ture 23.1 °  2.11 
2.12 
2.13 
2.14 
Room  tempera- 
ture 23.2 °  2.15 
2.16 
Temperature of calo- 
rimeters. 
Right.  Left. 
31.28  °  31.520 
31.315  °  31.555  ° 
31.37  °  31.625  ° 
31.405  °  31.66  ° 
31.44  °  31.720 
31.48  °  31.750 
31.520  31.81  ° 
31.560  31.84  ° 
31.59  °  31.9  °0 
31.62  °  31.93  ° 
Notes. 
Room  tempera 
ture 23.6  °. 
Ears red. 
Room  tempera 
ture 23.2  °. 
Room  tempera- 
ature 23.I °. 
At  2.i6  righ 
hand  put  ir 
water  at  8 ° 
Room temper 
ature 23.0  °. G.  N.  Stewart.  375 
Time. 
2.I7 
2.I8 
2.I9i 
2.20 
2.2I 
2.22 
2.23 
2.24 
2.25 
2.26 
2.27 
Temperature of calo- 
rimeters. 
Right.  Left. 
31.945  ° 
31.96  ° 
31.99  ° 
32.03  ° 
32.O55  ° 
32.08  ° 
32.I2  ° 
32.155  ° 
32.20 ° 
32.23  ° 
32.24  ° 
Notes.  Time. 
Room  tempera- 
ture 23.2 ° 
Room  tempera- 
ture 23.2 ° 
Right hand in the 
cold  water  L¢ 
redder  than  is 
usually  the 
case 
Right  hand  put 
in  water  at 
42.9  ° 
Room  tempera- 
ture 23.0  ° 
2.28 
2.2~ 
2.30 
2.31 
2.32 
2.33 
2.34 
2.35 
2.36 
2.44 
Temperature  of calo- 
rimeters. 
Right.  Left. 
32.26  ° 
32.305  ° 
32.33  ° 
32.35 ° 
32.38  ° 
32.4  I° 
32.425  ° 
32.435  ° 
32.455 ° 
32.35  ° 
Notes. 
Room  tempera- 
ature 23.0  °. 
Room  tempera- 
ture 23.I  °. 
Room  tempera- 
ture 23.6  ° . 
Hand out of cal- 
orimeter  at 
2.36.  Room 
temperature 
23.7  ° . 
Temperature 
of  right  calo- 
rimeter  3 x.29  °. 
Cooling of  right calorimeter in  28  minutes 
0.33°; of left in 8 minutes, O.lO5  °. 
Volume of  right  hand 5II  c.c., of left hand 505 c.c.  His hands are  large 
although they have lost a considerable proportion of the soft tissues. 
In  this  experiment  the  flow  for  a  period  of  eighteen  minutes 
before the vasomotor reaction  was tested  was  6.95  grams  per  IOO 
cubic centimeters per minute  for the right hand and 8.42 grams  for 
the  left.  During  the  first  five minutes  of  immersion  of  the  right 
hand  in cold water  the  flow in the left was  reduced  to 6.1o grams 
per  IOO cubic centimeters per minute  and  rose again  to 8.04 grams 
for the next five minutes  of immersion.  When the  right  hand  was 
put into warm water the flow in the right  fell to 6.25 grams per IOO 
cubic  centimeters  per  minute  for  the  whole  period  of  immersion 
(ten minutes). 
Hyperexcitability  of  the  vasoconstrictor  mechanisms  of  the  pe- 
riphery  is most naturally  interpreted  as  a  defensive reaction of the 
organism  by  which  an  increased  supply  of  blood  is  afforded  for 
those  internal  organs  which  bear  thebrunt  of the  infection.  The 
fact that  the blood pressure is low and the pulse dicrotic in spite of 
the constriction  of the vessels of the periphery,  indicates that  other 
vascular  paths,  especially  the  splanchnic  area,  are  more  widely 376  Studies  on  the Circulation  in Man. 
opened than  usual.  The  fever,  the  rise  of  temperature  of  the  in- 
ternal  parts  and  of the  blood,  may be considered  as,  in  the  main, 
a  secondary  and  inevitable,  and  perhaps  in  itself  an  unimportant 
consequence of a  sustained  cutaneous  vasoconstriction.  When  the 
temperature  has  risen  to  a  certain  height  a  balance  between  heat 
production and heat loss is necessarily again  reached in spite of the 
vasoconstriction.  Indeed,  were the  circulation  in  the  skin  entirely 
stopped it is clear that such a balance must also be eventually reached 
by augmentation  of the flow of heat by conduction from the deeper 
parts. 
It must be remembered that with a  normal  flow through  the skin 
in fever the amount of heat given off would be greater than normal 
on account of the higher  temperature  of the blood.  Table  I  illus- 
trates this point.  Thus while the amount of heat given off per  IOO 
cubic centimeters  of foot per minute  in all  the  fever cases does not 
rise beyond the  range  for  the  normal  persons,  the  amount  of heat 
given off per gram of blood passing through the foot is much greater 
in  fever  than  with  normal  body temperature.  And  it  is  precisely 
when the flow of blood is small and the rectal temperature high that 
the heat loss per gram of blood is greatest.  Thus in J. B. on October 
16,  1912, with rectal temperature 4o.2 ° C., and in M. V. on October 
8, 1912, with rectal temperature  40.5 °  C.,  over eight small  (gram) 
calories per gram of :blood are given off to the calorimeters, whereas 
the corresponding number for the normal persons is always below six 
for the average of the two feet.  A  glance at table II will show that 
the  difference  does  not  depend  upon  variations  in  the  calorimeter 
temperatures  in  the  different  experirfients.  It  is  essential  to point 
this  out  as  it  is obvious that  it  is  inherent  in  the  method  that  the 
lower the calorimeter temperature  the greater must be the heat loss 
per gram of blood passing through  the part.  The slight differences 
in the heat given off by the two hands or by the two feet in one and 
the  same  experiment  depend  upon  differences  in  the  calorimeter 
temperatures. 
If the cutaneous vasoconstriction is in the interests of an increase 
in the blood flow to the organs on which the stress of the infection 
falls, it is plain that  if the increased temperature  is to be combatted 
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of  heat  without  dilatation  of  the  skin  vessels,  or still  better  while 
their  constriction  is  even  increased.  This  indication  is  admirably 
met by the cold bath treatment.  On the other hand, the use of anti- 
pyretics  which  act by  causing  cutaneous  vasodilatation  would  seem 
to be unphysiological since in diminishing the temperature they cause 
the withdrawal  of blood from the  seats of infection. 
F.  S.--A  laborer,  aged  28  years,  was  admitted  to  the  City  Hospital  on  Sep- 
tember  16,  I912,  suffering  from  typhoid  fever.  He  became  ill  a  week  before 
admission,  had  two  chills,  and  vomited  twice. 
maximum  temperatures  were  as  follows: 
September  17,  lO4.4  °  F. 
September  20,  lO4.O °  F. 
September  24,  lO3.O  °  F. 
October  I,  IOO.O  °  F. 
Pulse  dicrotic,  low  tension.  The 
September  19,  lO4.O  °  F. 
September  21,  lO4.O  °  F. 
September  26,  lO2.O  °  F. 
It  was  only  possible  to  examine  the  blood  flow  once  and  that  was  during 
convalescence. 
The blood flow in the  feet was  examined on October  2,  I912.  Pulse  (reclin- 
ing  on  back)  72.  Feet  in  bath at  2.43  P.M.,  in  calorimeters  at  2.56½ P.M.  3,740 
c.c.  of water in each calorimeter.  Blood pressure,  right arm, systolic lO6  (palpa- 
tion),  lO4  (stethoscope);  77  (sudden  diminution of  sound),  58½  (disappearance 
of  sound).  Rectal temperature  37.9  °  C. 
Time. 
2.55 
2.59 
3.0I 
3.03 
3.05 
3.07 
3.09 
3.II 
3.13 
Temperature of 
Calorimeters. 
Right.  ]  Left. 
31.77 °  31.69 ° 
31.71°  31.55 ° 
31.71°  31.55 ° 
31.725 °  31.565 ° 
31.73 °  31.57 ° 
31.75 °  31.575 ° 
31.77 °  31.585 ° 
31.78 °  31.59 ° 
31.780  31.585 ° 
"  Room. 
23.9  ° 
23.9  ° 
23.95 ° 
24.1 ° 
24.15 ° 
24.2 ° 
24.2 ° 
Time. 
3.16 
3.18 
3.20 
3.22 
3.24 
3.26 
3.44 
Temperature of 
Calorimeters. 
Right.  Left. 
31.795 °  31.59 ° 
31.80 °  31.60 ° 
31.805 °  31.6I ° 
31.8I °  31.625 ° 
31.825 °  31.63 ° 
31.795 °  31.595 ° 
31.520  31.325 ° 
Room. 
24.15  ° 
24.2  ° 
24.15 ° 
24.1 ° 
Cooling  of  right  calorimeter  0.275 °  in  i 
minutes, of left 0.27  °.  Volume of right fo( 
1,295 C.C., of  left  foot  1,258  c.c.  Feet  o1 
of calorimeters at 3.24½. 
The patient was examined about a  fortnight  after admission and 
ten days after the fastigium.  The flow was distinctly below normal, 
in  the right  foot  1.47 grams  per  IOO cubic centimeters  per minute; 
in the left 1.39 grams, the room temperature being 24.i ° C. 
M.  V.--A  laborer,  aged  29  years,  height  about  6  feet,  was  admitted  to  the 
City  Hospital  on  October  7,  I912,  eight  days  after  he  became  ill  with  typhoid. 
He  was  quite  ill  on  admission.  Rose  spots.  Maximum  temperature  October  7 
at  io  P.M.  lO5.6  °  F.  Temperature  October  8  at  5  A.M.  103.4  °  F.  He  had  a  full 
bath  on  October  7  and  another  on  October  8  about  I  P.M. 378  Studies on the Circulation in Man. 
First  Examination  of  Blood  Flow.--October  8,  1912.  Feet  in  bath  at  3.Ol 
P.M.,  and  in  calorimeters  at  3.18  P.M.  3,740  c.c.  of  water  in  each  calorimeter. 
Pulse  (lying  on  back)  lO8.  Blood  pressure,  right  arm,  systolic  118,  89  (sound 
entirely  gone).  Rectal  temperature  4o.5 °  C. 
Time. 
3.13 
3.20 
3.22 
3.24 
3.26 
3.28 
3.3o 
3.32 
Temperature of 
Calorimeters.  [ 
Right.  Le~. 
31.o6 °  3o.93 ° 
3o.89 °  3o.74  ° 
3o.86 °  3o.72° 
3o.84 °  3o.71 ° 
3o.835 °  3o.74  ° 
3o.86 °  3o.755 ° 
3o.88 °  3o.79 ° 
30.920  30.85 ° 
Room. 
22.3 ° 
22.4 ° 
21.8 ° 
21.9  ° 
22.1 ° 
22.2 ° 
22.15 ° 
22.15 ° 
Time. 
3.34 
3-36 
3.38 
3.40 
3.42 
3.59 
Temperature of 
Calorimeters. 
Right.  Left. 
3o.95 °  3o.88 ° 
31,01  °  30.91° 
31.o3  °  3o.945  ° 
31.o95  °  j  3o.98  ° 
31.o4  °  30.95  ° 
30.79  °  I  3o.695  ° 
Room. 
22.I ° 
22.15 ° 
22.2 ° 
Cooling of right calorimeter 0.25 °  in  17  min- 
utes,  of  left  0.255 ° .  Volume  of  right  foot 
1,322  c.c.,  of  left,  1,294  c.c.  Feet  out  of 
calorimeters at 3.4o. 
Second  Examination.--November  5,  1912.  The  patient  says  that  he  is  now 
feeling  well.  The  maximum  and  minimum  temperatures  were  as  follows: 
October  9,  lO5.  0°  and  lO2.6  °  F.  October  IO,  lO4.8  °  and  lO3.O  °  F. 
October  Ii,  lO4.O  °  and  lO2.O  °  F.  October  14,  lO5.O °  and  IOI.O  °  F. 
October  17,  lO4.6 °  and  lO2.O °  F. 
On  October  17  he  had  a  hemorrhage  from  the  bowels,  and  on  October  18  a 
hemorrhage  from  one  ear.  On  October  30  the  maximum  temperature  was  still 
lO4..o °  F.,  the  minimum  IOO.O  °.  From  that  date  the  temperature  steadily  dimin- 
ished  to  lOl.4  °  (maximum)  and  98.4 °  (minimum)  on  November  4. 
Feet  in  bath  at  2.43  P.M.  (lying  on  back  on  the  ambulance).  Pulse  80.  Feet 
in  calorimeters  at  2.54 P.M.  2,775  c.c. of  water  in  each  calorimeter.  The  capacity 
of  the  calorimeters  had  been  reduced  since  the  last  examination.  The  volumes 
of  the  feet  are therefore  not  strictly comparable  in  the  two  experiments.  Rectal 
temperature  37.95 °  C.  Blood  pressure,  right  arm,  systolic  IO7,  62  (sound  gone). 
Another  observation,  systolic  lO8,  82  (abrupt  diminution  in  sound);  65  (sound 
gone). 
Time. 
2,52 
2.56 
2.58 
3.00 
3.02 
3.O4 
3.06 
3.O8 
Temperature of 
Calorimeters. 
Right.  Left. 
30.68 °  30.76 o 
30.62 °  30.70 ° 
30.675 °  3o.77 ° 
3o.68 °  3o.79 ° 
30.695 °  3o.8o ° 
3o.7 I°  30.83 ° 
3o.7 I°  30.83 ° 
30.720  3o.855 ° 
Room. 
23.I ° 
22.9 ° 
22.9 ° 
22.9 ° 
22.8 ° 
22,8 ° 
22.9  ° 
Time. 
3.10 
3.12 
3.14 
3.3o 
Temperature of 
Calorimeters. 
'  Room. 
Right.  Left. 
3 °'725°  30"865 °  I  22"9° 
30.73 °  30.875 ° 
30.68 °  3O.85 ° 
30.4  °0  I  30.580  ]  23.0 ° 
Cooling  in  x6  minutes  of  right  calorimeter 
0.28% of left 0.27%  Volume of right foot in 
calorimeter  x,IO9 c.e. 
Volume  of  left  foot  in  calorimeter  i,xoo  c.c. G.  N.  Stewart.  379 
M.  V.  was  examined  for  the  first  time  the  day  following  his 
admission  to  the  hospital.  His  rectal  temperature  was  40.5 ° C. 
(lO4.9 ° F.),  although  he had  had  a  full bath two hours before the 
examination.  The  flow was only  1.54  grams  per  IOO cubic centi- 
meters  of  foot per minute  for  the  right  foot,  and  1.5o  ~rams  for 
the left, with room temperature 22.2 ° C.  On account of the hemor- 
rhage  mentioned  in  the protocol nine  days after the first examina- 
tion,  it was not considered justifiable to carry out the original  pro- 
gram,  since,  alth,ugh  the examination  caused apparently  very little 
disturbance  to the  patient,  absolute  rest  was  obviously enjoined  in 
this  case.  Accordingly  an  interval  of  exactly  four weeks elapsed 
between the first and the second examination of the blood flow.  His 
rectal temperature at the second examination  was 37.95 ° C.  (IOO.3 ° 
F.).  The foot flow was somewhat smaller than at the first examina- 
tion  (I.24 grams per IOO cubic centimeters per minute  for the right, 
and  1.4o  grams  for  the  left,  with  room  temperature  22.9°).  Of 
course the  amount  of heat given off per minute  to the  calorimeter 
was  much  greater  at  the  first  examination  than  at  the  second  on 
account of the higher blood temperature.  This  renders it necessary 
to state that it has not hitherto  been feasible to determine 'by actual 
experiment  in a  fever case the relation  between the  rectal tempera- 
ture  and  the  temperature  of the  arterial  blood  at  the  ankle  under 
the average conditions of our blood flow observations.  It has been 
assumed  in the calculations  that  the  difference is 0.6 ° C.,  the  same 
as  for a  normal  person.  It is, of course, possible that  in  fever the 
temperature  of  the  blood as it  passes  from  the  heart  to  the  wrist 
or ankle falls more than in health,  since the excess of temperature of 
the skin over that  of the surroundings  is greater.  Yet the arterial 
blood moves so rapidly and  the large arteries are  so well protected 
that  it  can  scarcely  be  supposed  that  any  considerable  difference 
exists.  It must be taken  into account  also that  in the observations 
the limbs were covered as  far as possible down to the calorimeters. 
It  may  therefore  be confidently  assumed  that  the  calculations  are 
not vitiated  in  any  important  degree 'by the  want  of direct  experi- 
mental  control of this  factor. 
The greatest number of observations were obtained on J. B. 380  Studies on  the  Circulation in Man. 
J. B.--A  laborer, aged 24 years, was admitted to the City Hospital on  Septem- 
ber 23,  1912,  suffering from typhoid fever.  He had been ill for three weeks with 
alternate  attacks  of  diarrhea  and  constipation,  and  malaise.  He  was  quite  ill 
when  brought  to  the  hospital  and  was  delirious on  September  25.  Spleen  en- 
larged  and  tender.  Pulse,  low  tension,  small  volume,  and  dicrotic.  Maximum 
temperature  September  25,  lO5.8  °  F.;  temperature  October  I  at  4  P.M.  lO4.O°; 
October 2  at noon  lol.6  ° 
First  Examination  of  Blood  Flow.--October  2,  1912.  The  patient  seemed 
quite  ill  when  brought  in  on  the  ambulance  and  lay  on  his  back  perfectly  still 
throughout  the  examination.  Feet  in  bath  at  1.18  P.M.,  and  in  calorimeters  at 
1.34½  P.M.  His  feet  are  smaI1.  3,740  c.c.  of  water  in  each  calorimeter.  Pulse 
lO8.  Blood  pressure,  right  arm,  systolic  lO2  (palpation),  ioo  (stethoscope); 
78  (sound gone). 
Time. 
Temperature of 
Temperature ot 
calorimeters. 
CaIorlmeters.  Time.  Notes. 
"  i  Room.  Right.  Left.  Right.  Left. 
1.32  31.o3 o  [  31-08°  1.5I  31.32°  31.5 O°  Roomtemperature24.35  °. 
1.37  30.93 °  [  31.Ol °  24.3 °  1.53  31.375  °  31.580 
1.39  30.96  °  !  31.o8 °  24.4  °  1.55  31.45 °  31.670  Feet out  of  calorimeters 
1.41  31.oo  °  31.14  °  24.4  °  at 1.55- 
1.43  31.o6  °  31.2o  °  24.3 °  1.57  31.425 °  31.65 °  Room temperature 24.3 ° . 
1.45  31.12 °  31.280  2.17  31.12 °  31.35 ° 
I  o.  1.47  3I.I9  °  3  .35  24.4  ° 
1.49  31.26  °  31.415 °  Cooling of  right calorimeter in 2o minutes, o.3o5 °, of 
left o.3o  °. 
Volume of right foot 927 c.c.,  of left 945 c.c. 
Rectal temperature 39.35 ° . 
Second  Examination.--October 8,  1912.  The  maximum  temperature has  con- 
tinued  high  since  the  last  examination.  Temperature  at  2.30  P.M.  on  October 
7,  lO5.4  °  F.,  at  IO P.M.  lO5.O  °  F.;  October 8  at 8  A.M.  IOI.O °  F.  The  patient has 
had  an  ice  cap  on  his  head,  and  this  was  on  during  the  examination.  Feet  in 
bath at 1.49 P.M., and in calori~aeters at 2.04½ P.M.  3,740  c.c.  of  water in  each  calo- 
rimeter.  Pulse  lO4.  Blood  pressure,  right  arm,  systolic  lO9  (stethoscope  and 
palpation);  diastolic 80  (sound  abruptly diminished), 65  (sound  one  entirely). 
Time. 
Temperature of 
Calorimeters. 
Right.  Left. 
30.74  °  30.720 
30.59  °  30.5 °o 
3o.52°  3o.45 ° 
3o.47 °  30.395 ° 
30.43 °  3o.36° 
3o.39  °  3o.33 ° 
3o.36 °  30.28 ° 
30.320  30.25 ° 
Room, 
21.4 ° 
21.6 ° 
21.9 ° 
22.1  ° 
22.2  ° 
2.02 
2.06 
2.08 
2.10 
2,I2 
2.I 4 
2.16 
2.18 
Temperature o1 
Time.  Calorimeters.  Notes. 
Room. 
Right.  Left. 
2.20  30.295 °  ]  30.23 °  22.4  ° 
2.22  30.26 °  30.190  22.4  ° 
2.24  30.23 °  3o.17 °  22.1 ° 
2.26  3o.20  °  3o.145  °  Feet  out  of 
calorimeters 
at 2.26. 
2.28  30. I7  °  30. I0  ° 
2.45  29.890  29  .820  22.20 
Cooling of right calorimeter 0.28  ° in 17 minutes, and of 
left 0.28 ° . 
Volume of right foot 924 e.c., of left 900 c.c. 
Rectal temperature at 3 P. M. 39.45 ° C. 
The  feet  were  somewhat blue when  taken out of calorimeters. G.  N.  Stewart.  381 
Third  Examination.--October  16,  1912.  The  patient  still has  the  ice  cap  on. 
Temperature at noon on  October 9,  99  .80  F.,  at 4  P.M.  lO4.4  ° ;  October  io at noon 
lOl.4  °  F.,  at 8  P.M.  lO3.8  ° ;  October  II  at 6  P.M.  lO4.O  °  F.  Since this time it has 
gradually fallen.  On  October  16  at 8  A.~f.  it was 99.4  °,  and  at noon  IOI.O °.  He 
says that he has no appetite.  Blood pressure, right arm,  systolic lO4  (palpation), 
lO5½  (stethoscope);  66  (sound  gone).  Pulse  lO6.  Feet  in  bath  at  1.54  P.M.,  in 
calorimeters at 2.08  P.~.  3,74  °  c.c.  of  water  in  each  calorimeter. 
Time. 
2.05 
2.1o 
2.12 
2.14 
2.I6 
2.I8 
2.20 
2.22 
2.24 
2.26 
2.28 
2.30 
Temperature of 
Calorimeters. 
Right.  Left. 
31.29  °  31.24  ° 
3I.O3  °  31.o4  ° 
30.95 °  31.Ol  ° 
30.91°  3o.95 ° 
3o.86  °  30.91° 
30.82 °  30.87  ° 
30.79  °  3o.84  ° 
3o.76  °  3o.81 ° 
30.72 °  30.775 ° 
3o.695  °  30.755  ° 
3o.67  °  3o.73 ° 
3o.65 °  3o.7 I° 
Room. 
23.I ° 
22.9  ° 
22.8 ° 
22.7 ° 
22.6 ° 
22.8 ° 
23.2 ° 
23.4  ° 
23.6 ° 
23.4  ° 
Time. 
2.32 
2.34 
2.36 
2.38 
2.40 
2.42 
2.44 
2.46 
2.48 
2.50 
2.52 
2.54 
3.09 
Temperature of 
Calorimeters. 
Right.  Left. 
30.62 °  30.67 ° 
30.60  °  30.665' 
30.580  30.65 ° 
30.55 °  3o.61 ° 
3o.54  °  3o.6I ° 
30.52 °  3o.60  ° 
30.51°  30.58  ° 
3o.5  o°  30,575 ° 
3o.5o  °  3o.57 ° 
30.495  °  30.565  ° 
30.49  °  3o.56  ° 
30.46  °  30.50  ° 
30.23  °  3o.27 ° 
Room. 
23.I ° 
22.9  ° 
23.I ° 
23.1 ° 
22.9 ° 
22.9 ° 
23.0  ° 
23.1 ° 
23.0  ° 
23.05 ° 
Cooling of  calorimeters  in  15  minutes,  right  o.23 °,  left  o.23 °.  Feet  out  of 
calorimeters at 2.52. 
Volume  of  right  foot  834  c.c.,  of  left  837  c.c.  Water  equivalent of  calori- 
meters  with contents,  right 4,444  c.e.,  left 4,446  c.c.  Rectal temperature 40.2  °  C. 
Fourth  Examlnation.--November  I,  I912.  The  patient's temperature  is  now 
about normal and  he  feels much  better.  The  maximum  and  minimum tempera- 
tures were as  follows: 
October  16,  lO5.O  °  and  99.4  °  F.  October  17,  IO3.4  °  and  lOO.4  °  F. 
October  I8,  lO4.O  °  and  lOO.4  °  F.  October  I9,  lO4.O  °  and  IOO.O  °  F. 
Since  October  19 the temperature has  gradually fallen.  On October 31 the maxi- 
mum was 99.0  °  F.  and  the minimum 98.0  °  F. 
Pulse  (lying on  back on the ambulance)  87.  Feet in bath at 2.07  P.M.,  and  in 
calorimeters  at  2.2I  P.M.  2,775  c.c.  of  water  in  each  calorimeter.  The  calo- 
rimeters had  been  reduced  in  size since the  last examination.  The  soles  of  the 
feet  rest  on  the  footrest  as  before.  Consequently  a  smaller portion  of  the leg 
is now  inside the calorimeter.  Blood  pressure,  left arm,  systolic lO8,  84  (sound 
gone). 382  Studies on the  Circulation in Man. 
Time. 
2.23 
2.25 
2.27 
2.29 
2.31 
2.33 
2.35 
2.37 
2,39 
2.41 
2,43 
Temperature of 
Calorimeters. 
--  Room. 
Right.  Left. 
30.56 °  30.65 ° 
3o.495 °  30.58°  21.4 ° 
3o.41 °  30.520  21.4 ° 
30.37 °  30.46 °  21.5 ° 
30.320  30.43 °  21.7 ° 
3o.29 °  30.38o  21.8 ° 
3o.275 °  30.355 °  21.9 ° 
30.26 °  30.34 °  21.9 ° 
30.25 °  30.33 °  22.0  ° 
30.235 °  30.31°  22.0 ° 
30.235 °  30.3 °0  22.0 ° 
P 
Time.  ] 
Right, 
2.4--7i 3o2--; 
2.47  3o.25 
2.49  3o,26 
2.51  I  30.28 
2.53  ]  3o.3o 
2.55  3o.35 
2.57  30.36 
2.59  3o.38 
3.Ol  3o.39 
3.03½  30.34 
3.25  29.97 
Calorimeters. 
30.295 ° 
30.30 ° 
30.31° 
3o.32 ° 
30.33 ° 
30.345 ° 
3o.355 ° 
3o.365 ° 
3o.38 ° 
30.335 ° 
29.955 ° 
Temperature of 
Notes. 
Rnom. 
Left. 
Feet  out  of can 
;2:Ii~  orimeters3  .o2.  at 
22.2 ° 
22.25 
22.2 ° 
22.3 ° 
22.4 
22.4 ° 
Cooling  of right  calorimeter  in  21½ minutes  0.37%  of left  0.38 °. 
Volume  of right  foot  in calorimeter  78o  c.c.,  of left  740  c.c. 
Water  equivalent  of right  calorimeter  and  contents  3,560  e.c.,  of left  3,53o  c.c. 
The first examination  of J. ]3. was made on October 2,  I912 , ten 
days after his admission,  more than  four weeks from the beginning 
of his  illness,  and  a  week after the maximum  temperature  (IO5.8 ° 
F.)  had  been reached.  The  rectal  temperature  after  the  examina- 
tion  was  39.35°C.  (IO2.83°F.).  The  flow  in  the  feet  was  the 
largest observed in this series of fever cases and the only flow which 
fell  within  the  normal  range  (3.36  grams  per  IOO  cubic  centi- 
meters  per minute  for the  right  foot,  and  3.82  grams  for the  left, 
with  room temperature  24.4 ° C.). 
Six days later,  his temperature having nleanwhile  mounted again 
and  continued  high,  the  foot  flow  was  found  to  be  much  smaller 
(table II,  footnote), and eight days later,  on October 16, the  rectal 
temperature being now 40.2 ° C.  (lO4.360 F.)  the flow was only o.80 
grams  for the right  foot and 0.74 grams  for the left.  The  clinical 
records show great variations in temperature since the first examina- 
tion and  he continued to present  disturbing  symptoms,  cardiac  and 
otherwise. 
The  last  examination  was  made  on  November  I,  1912,  ahnost 
seven weeks after admission to the hospital and ten weeks after the 
beginning of the illness, his temperature being now for the first time 
fairly stable and  at  a  normal  level.  The  flow was  2.08  grams  per 
ioo cubic centimeters per minute  for the right  foot and  1.89 grams 
for  the  left.  In  view  of  the  fact  that  the  room  temperature  was G.  N.  Stewart.  383 
more than 2 ° C. lower on this than  on the first occasion,  the results 
indicate  that  at the  first examination  the conditions  that  determine 
the  rate  of flow in  the  feet were more  similar  to the conditions  at 
the last examination than to those at the two intermediate examina- 
tions,  in  spite  of  the  great  difference  of  body temperature.  The 
most natural explanation  is that both at the first and the last exami- 
nation  in.this  rather  protracted  case the  intoxication  was subsiding 
and the cutaneous vasoconstriction was disappearing.  After the first 
examination, however, a relapse seems to have occurred, the patient's 
progress  being  interrupted  by  complicating  incidents  (continued 
ulceration,  etc.),  the  cutaneous  vasoconstriction  increased,  and  the 
temperature  ran  up  again  almost,  if  not  quite,  to  the  maximum 
reached  before.  In  the  absence of  simultaneous  measurements  of 
the  hand  flow it is  impossible to know whether  intoxication  of the 
heart  contributed  to  the  smallness  of  the  foot  flows in  the  inter- 
mediate period, although  from the heart symptoms this seems prob- 
able.  The  progressive diminution  in the volume of the  feet in the 
first  three  examinations  is  a  point  which  may  5e  noted  since  it 
affords  a  quantitative  expression  (for  a  particular  part)  of  the 
increasing  emaciation  which  was  very  evident  in  the  body  as  a 
whole.  The  foot  volume  at  the  fourth  examination  is  not  com- 
parable with the others as the  reduced  calorimeters  were then  used 
for the first time. 
In F. B., a case of pneumonia, the flow at the first examination,  on 
the  day of his  admission  to  the  hospital  and  a  fortnight  from  the 
beginning  of his  illness,  was 2.07  grams  per  IOO cubic centimeters 
of  foot per minute  for the  right  foot,  and  2.30 grams  for the left, 
with  room  temperature  23.0 ° C.,--flows  not  perhaps  markedly  de- 
ficient  for  his  age,  but  certainly  not  above  the  normal.  Six  days 
later  the flow was less  (1.36  grams  for the  right,  and  1.12  grams 
for the left foot)  with a  slightly lower room temperature,  but prac- 
tically the same  rectal  temperature.  Here  again  in  the  absence of 
observations on the hands it cannot be stated what share the weaken- 
ing of the heart might have had in the diminution of the flow.  That 
it was weakening at this time is probable, as he died four and a half 
days later,  apparently  from a  general intoxication. 384  Studies on the Circulation in Man. 
F.  B.--A  man,  aged  53½  years,  a  cook  by  occupation,  was  admitted  to  the 
City Hospital on December 5,  1912, with lobar pneumonia,  the lower lobe of the 
left  lung being  consolidated.  His  illness  began  two  weeks  before  admission, 
with  pain  in  the  left  side,  chills,  and  fever.  Cough  and  shortness  of  breath 
developed  shortly  after.  But  he  did  not go to  bed,  and  indeed  he  walked  into 
the  hospital.  The  maximum  and  minimum temperatures  were: 
December  6,  lO3.8  °  and  lO3.O  °  F.  December  7,  lO4  .o°  and  IO2.6  °  F. 
December  8,  lO3.8  °  and  lO2.6  °  F.  December  9,  lO3.  2°  and  IOI.O  °  F. 
December  IO,  lO3.O  °  and  lol.2 °  F. 
The  leucocyte  count  was  as  follows: 
December  6,  8,60o  December  7,  12,4oo 
December  8,  18,4oo  December  9,  20,4  °0 
On  December  5  the  blood  flow  in  the  feet  was,,,measured  while  the  patient 
lay  on  his  back.  Pulse  92.  Feet  in  bath  at  2.o4  P.M.,  and  in  calorimeters  at  2.16 
P.M.  2,775  c.c.  of  water  in  each  calorimeter.  The  calorimeters  of  reduced  capac- 
ity  were  used. 
Tme. 
2.14 
2.18 
2.20 
2.22 
2.24 
2.26 
Temperature of 
Calorimeters. 
Right; 
31.49  ° 
31.460 
31.5 °0 
31.54  ° 
31.59  ° 
31.62  ° 
Room 
Left. 
31.65  °  23.7 ° 
31.63  °  23.g  ° 
31.69  °  23.5  ° 
31.755  °  22.9  ° 
31.79  °  22.9 ° 
31.84  °  22.8  ° 
rime. 
2.28 
2.30 
2.32 
2.34 
2.49 
Temperature of 
calorimeters.  Notes. 
Right.  L~ ft. 
31.67  °  [  31.87  °  [Room temperature  22.7% 
31"71°  I  3I'925°  I 
31.77  °  31.97  °  Feet  out  of  calorimeters 
/  I  at 2.32. 
31"765°  /  31"955°  I 
31.5 °0  ]  31.695  °  I 
Cooling  of  right  calorimeter  0.265  °  in  15  minutes, of left 0.265  ° . 
Volume of right foot  i,o8I  c.c., of left  1,o44 c.c.  Rectal temperature  39.4  °. 
Blood  pressure,  left  arm,  systolic  lO4  (stethoscope),  lO3  (palpation);  84 
(sudden  decrease  in  sound),  58  (sound  gone). 
At  the  second  examination  of  F.  B.  on  December  II,  1912,  the  feet  were  put 
into  the  bath  at  1.55  P.M.,  and  into  the  calorimeters  at  2.11½  P.M.  Pulse  (lying 
on  back,  as  in  the  previous  examination)  112.  2,775  c.c.  of  water  in  each  calo- 
rimeter,  the  calorimeters  of  reduced  capacity  being  used. 
Time. 
2.o9 
2.14 
2.1' 
2.19 
2.2I 
2.23 
2.25 
2.27 
Temperature of 
Calorimeters. 
Room. 
Right.  Left. 
31.25  °  31.17  ° 
31.15  °  31.o7  ° 
31.17  °  31.o8  °  21.o  ° 
31.19  °  31.o85  °  21.3  ° 
31.205  31.095  °  21.7  ° 
31.22  °  31.11  °  21.8  ° 
31.25  °  31.12  °  21.8  ° 
31.265  31.13  °  21.9  ° 
Time. 
2.29 
2.3I 
2.33 
2.35 
2.37½ 
2.50½ 
Temperature of calo- 
rimeters. 
Right.  Left. 
31.28  °  31.13  ° 
31.295  °  31.I35 
31.305  °  31.I4  ° 
31.325  °  31.14  ° 
31.29  °  31.09  ° 
31.06  °  30.86  ° 
Notes. 
Room  temperature  22.1°. 
Room  temperature  22.I °. 
Feet  out  of  calorimeters 
at 2,35, 
Cooling of right calorimeter 0.23  °  in 13 minutes,  of left 0.23  ° . 
Volume of right foot 1,072 c.c., of left 1,o23 c.c.  Rectal temperature  39.3  °. G. N.  Stewart.  385 
Water  equivalent  of  Calorimeters  and  contents,  right  3,779  c.c.,  left  3,742  c.c. 
The  patient  died  on  December  15,  the  whole  left  lung  being  consolidated  before 
death.  The  systolic  blood  pressure  was  96 on  December  12,  80 on  December  13, 
and  90  on  December  14,  all  the  observations  being  taken  in  the  afternoon. 
TABLE  I. 
Date. 
Heat given off 
per min. in 
small calories. 
Heat given off 
~oer looc.c, of 
ot per min. 
Heat given off 
per gm. of 
blood. 
I 
Right.  Left.  Right.  Left.  Right. [  Left. 
Normal  Individuals. 
M.C. 
Rectal 
tempe~ 
ature. 
May  2,  I9II 
May  18,  1911 
June  17  ,  191I 
Mar.  26,  1913 
C.B.  May  2,  I9II 
J.R.  Mar.  25,  I913 
N.R.  Apr.  8,  I913 
251.6  .  __  . 
211.6  ,  --  , 
332.3 
290.2 
262.1 
351.7 
83.8 
278.8 
290.2 
327.1 
70.6 
20.6  ,  --  , 
17.4  -- 
28.4 
23.5 
26.7 
34.8 
17.o 
5.77  --  37.4  ° 
4.93  --  37.5  ° 
25.6  5.76  6.06  37.6  ° 
24.2  4.60  4.64  i37.1 ° 
5.65  ,  __  , 36.9  ° 
34.I  4.37  4.49  37.o  ° 
14. 7  5.05  I  5.14  37.2 ° 
Fever  Patients. 
F.B.  Dec.  5,  1912 
Dec.  Ii,  I912 
J.B.  Oct.  2,  1912 
Oct.  16,  1912 
Nov.  1,  1912 
M.V.  Oct.  8,  1912 
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CONCLUSIONS. 
I.  In  the cases  of  fever investigated the flow in  the  feet never 
exceeded the normal flow and was usually much below the normal 
2.  In explanation of  the relatively small  foot flow  in  the  fever 
cases it is suggested that the vasoconstrictor mechanism of the pe- 
ripheral parts, especially of the skin, is abnormally excited, and some 
direct evidence that this  is  the case is  brought  forward. 
3.  The significance of this hypersensitiveness, or at least increased 
action, of the cutaneous vasoconstrictor mechanism is assumed to be 
that the peripheral vasoconstriction is a  compensatory arrangement 
which  secures  for the  organs  mainly suffering  from the  infective 
process  an  increased flow of blood. 
4.  On this hypothesis the rise of temperature is,  chiefly at  least, 
secondary, inevitably following the vasoconstriction,  provided that 
the metabolism is,  upon the whole, not diminished. 
5.  Accordingly  the  rational  treatment  of  hyperpyrexia,  or  of 
pyrexia if it  is considered necessary to treat  it,  is  to  abstract  heat 
by  a  process  which  will  not  diminish  and  may even  increase  the 
cutaneous  vasoconstriction.  This  condition  is  exactly  fulfilled by 
the cold bath,  at least as regards its initial effect.  Other so called 
tonic effects of the cold bath are not considered here. 
Antipyretie  drugs  which  act  by  dilating  the  cutaneous  vessels 
would seem to be inferior in this  regard.  They diminish the tem- 
perature, it is true, but at the cost of defeating the beneficial redis- 
tribution  of  the  blood  which  it  is  the  function  of  the  peripheral 
vasoconstriction to insure. 
6.  It  is  obvious that  for the elimination of a  given quantity of 
heat from the skin 'by radiation and conduction  3 in  fever, a  smaller 
cutaneous 'blood flow will suffice than with normal body temperature, 
since the elimination of heat per gram of blood passing through the 
surface must be greater in  fever owing to the greater difference of 
temperature between the surface of the body and its surroundings. 
I  am much indebted to  the staff of  the  City Hospital  for their 
coSperation which has  rendered this  investigation possible. 
s Loss of heat by sweat is not considered since the parts investigated could not 
lose heat in this way under the conditions of the observations. 